In a retrospective study of 1224 transthoracic echocardiograms performed between January 2011 and December 2013, we evaluated the spectrum of congenital heart disease (CHD) diagnosed at a tertiary referral centre in Maiduguri, north-eastern Nigeria. Diagnosis of CHD was made in 88 (8.3%) subjects, comprising 23 (26.1%) adults and 65 (73.9%) aged less than 18 years. Forty six (52.3%) of those with CHD were females, while 42 (47.7%) were males. The frequencies of the CHD in decreasing order were: ventricular septal defect 23 (26.1%), tetralogy of Fallot (TOF) 14 (15.9%) and atrial septal defect (ASD) and atrioventricular septal defect (AVSD) were 11 (12.5%) each. One of the patients with AVSD had Ellis Van Creveldt syndrome. Six (6.8%) cases of patent ductus arteriosus (PDA) were diagnosed in those younger than 18 years, while all the 5 (5.7%) cases of Ebstein's anomaly were diagnosed in adults. There were 6 (6.8%) cases of Eisenmenger syndrome involving three cases of AVSD, one case of ASD and two cases of Ebstein's anomaly. Timely definitive cares for these patients are still lacking in Nigeria and many areas of sub-Saharan Africa. We recommend sensitization of all relevant clinicians to actively look for congenital heart defects. Pulse oximetry and postnatal echocardiographic new-born screening which were previously validated should be implemented at secondary and tertiary levels, and efforts should be made towards providing the needed care for patients with CHD.
Introduction
Studies on the burden of cardiovascular disease in sub-Saharan Africa revealed hypertension-related cardiovascular disorders, rheumatic heart disease and dilated cardiomyopathy (including peripartum cardiomyopathy) as the dominant aetiologies [1] [2] [3] . However, studies, especially in paediatric age-groups reported high prevalence of congenital heart diseases [4] [5] [6] . In general, CHD occurs in about 0.8% of neonate, taking the lead as the most common inborn defect [7] .
The successes recorded in paediatric surgery and care of patients with CHD over the years have resulted in large number of these patients surviving into adulthood, giving rise to the budding sub-speciality of Adult Congenital Heart Disease (ACHD), otherwise, known as Grown Up Congenital Heart (GUCH) [8] . The transformation experienced by these survivors results mainly from reparative and palliative operations, with the attendant risks of reoperations, cardiac arrhythmias, heart failure and premature death [9] . Majority of patients with CHD in sub-Saharan Africa have no access to surgery. Consequently, many pass through the natural history of their diseases with the attendant mortality in infancy or early childhood and morbidity in adulthood. The plethora of modalities employed in cardiology complements each other in achieving a comprehensive evaluation of CHD, with each modality having its merits and demerits [10] . Although cardiac magnetic resonance imaging and multi-sliced cardiac tomography are assuming greater roles in evaluation of cardiac structure and function, echocardiography remains in the fore front of the initial assessment of patients with CHD owing to its advantages of low cost, portability, ease of use, accuracy and reproducibility [11] . Even though the burden of CHD has been variously reported from different parts of Nigeria [4] [5] [12] , there are no such reports from the north-eastern part of the country with a population of close to 30 million people. Additionally, most of the reports are in paediatric age groups. The aim of the study was to determine the spectrum of CHD diagnosed in adults and paediatric patients using transthoracic echocardiography at the University of Maiduguri Teaching Hospital.
Methods
We studied the echocardiographic data of patients that underwent transthoracic echocardiography at the University of Maiduguri Teaching Hospital from January 2011 to December 2013. Echocardiography was performed with MyLab 50CV (Esaote) and Siemens Acuson X300 (Siemens), both equipped with variable frequency transducers. Images were obtained using M-mode, 2D-mode, color flow, and Doppler modalities from the standard echocardiographic windows (as well as subcostal and suprasternal windows), adhering to the ASE guideline [13] . Congenital heart disease (CHD) was usually assessed in the division using the sequential segmental approach (European approach on account of the promoters of the original concept) [14] . Different modifications of the standard imaging planes were adopted as required for adequate characterization of lesions. Where necessary, a given diagnosis is adjudicated by at least two of the three cardiologists involved. Owing to lack of a paediatric cardiologist in our centre, paediatric echocardiography is carried out by adult cardiologists in line with recommendations of the guideline on paediatric echocardiography [15] .
Images are routinely copied onto CD/DVD for archiving. Descriptive statistics was used in describing the different spectrum of echocardiographic diagnosis.
Age was expressed as median [interquartile range] after confirmation of its nonparametric distribution using Kolmogorov-Smirnov test. Approval for the study was granted by the Research and Ethics Committee as part of the Heart Failure Registry.
Results
One thousand three hundred and two transthoracic echocardiograms performed over the 3-year period were available for review. Seventy-eights (6.0%) were excluded due to poor image quality, inconclusive study, and incomplete data storage. Of the remaining 1224, 1058 (86.4%) were abnormal. Diagnosis of CHD was made in 88 (8.3%) subjects, comprising 23 (26.1%) adults and 65 (73.9%) aged less than 18 years. Forty six (52.3%) of those with CHD were females, while 42 (47.7%) were males. The median (interquartile range) age of the adult group was 30 (14) years, whilst those younger than 18 years had a median (interquartile range) age of 2 (8) years. Thirty-four (52%) of patients less than 18 years were 2 years and below. The different forms of CHD diagnosed among the subjects are illustrated in Table 1 and Table 2 . The most prevalent CHD was ventricular septal defect (VSD), observed in 23 (26.1%) subjects. Twenty (86.9%) of the cases of VSD were diagnosed in those younger than 18 years. Ten (43.5%) of Table 1 . Types of CHD diagnosed in subjects below 18 years of age. were diagnosed in those younger than 18 years, while all the 5 (5.7%) cases of Ebstein's anomaly were diagnosed in adults. The only case of coarctation of the aorta was diagnosed in a 45-year old male who presented with systemic hypertension, whilst congenitally corrected transposition of the great artery was diagnosed in a 400 level medical student who was being evaluated for palpitation.
Images of some of the CHD diagnosed are illustrated in Figure 1 and Figure 2 .
Although detail of pulmonary pressure was not present in all cases, there were 6 (6.8%) cases of Eisenmenger syndrome involving three cases of AVSD, one case of ASD and two cases of Ebstein's anomaly. One of the patients with AVSD had Ellis Van Creveldt syndrome (Figure 3 ).
Discussion
Congenital heart disease makes up the most prevalent cardiac problems in paediatric age group with prevalence ranging from 4 -50/1000 live births [16] [17].
In Nigeria, the estimated incidence of CHD in the late 1960s was 3.5/1000 live births which was extrapolated from a study of 4200 consecutive births in Ibadan, south-western Nigeria and a recent study which recorded a prevalence of 4.6/1000 live births in Benin, south-south, Nigeria [18] . Similarly, Thomas et al.,
in a study in Lagos, south-western, Nigeria demonstrated 4.6% rate of CHDs in autopsied bodies among paediatric age group patients. Our study found a frequency of 6.13 percent in patients below the age of 18 years. In the Cameroun, a 4-year study period in patients suspected with cardiac diseases between the age of 2 months and 41 years revealed 13.1% of them had CHD [19] . In a survey conducted amongst public school children in Mozambique, Marijon, et al. found a prevalence of 2.3 in 1000 of which 80% were recently discovered [20] . In another African population, researchers in Angola, showed VSD and TOF as the most frequent acyanotic and cyanotic heart diseases constituting 30% and 8.6% respectively [21] . In the Middle East, Rahim et al. found a prevalence of 12.3 per 1000 live births with a variant pattern compared to other studies as ASD was more frequent followed by TOF, PDA, shunts and VSD in decreasing order [22] . Although there is paucity of data regarding grown-up CHD, eighty-five percent of patients with CHD are known to survive into adulthood [23] .
The prevalence of CHD in our study reflected the documented finding in other studies with acyanotic CHD commoner than cyanotic CHD especially in patients below the age of 18 years [5] [6] [24] . The relative frequency of VSD was 43.8% of all CHDs especially in patients below the age of 18 years. VSD is the most common congenital heart defect in infants, occurring in 0.5% to 5% [25] .
However, majority of VSDs, particularly non-membranuous type close spontaneously in approximately 80%. Consistent with our study, Sani et al. [5] in Kano, north-western Nigeria recorded 45.9% while Sani UM et al. [24] from Sokoto, north-western Nigeria demonstrated a frequency of 41% of isolated VSD in their study group. Furthermore, Ibadin et al., in Benin, recorded a fairly similar frequency of 51 percent [12] . Within cases with isolated VSD, our series found membranous type as the commonest subtype accounting for 86.9% of VSD while the other subtypes were: outlet, inlet, muscular and Gerbode variant in decreasing order. The pattern was virtually similar in Kano as reported by Sani et al. [5] .
The next most frequent defect demonstrated was TOF constituting 13.9% in patients below the age of 18 years and most frequent at par with Ebstein's anomaly in patients above the age of 18 years. TOF has its primary defect in the anterior deviation of the infundibular septum. It represents 5% -10% of all CHD and is the most common cyanotic cardiac diseases, with 5% of patients having an ASD constituting the pentalogy of Fallot [26] . The finding of TOF being the second commonest was similar to the study in Benin [12] . This is at odds with other previous studies demonstrating ASD and PDA as the most frequent in their series [22] [27] . PDA was the second commonest in some series, because the study groups were skewed by large proportions of preterm babies.
TOF and Ebstein's anomaly were tied commonest in patients above 18 years because of their probable attendance to hospitals due to cyanotic spells in the former and presentation as heart failure of the latter in adulthood. Ebstein's anomaly is an uncommon form of CHD constituting only 1% of congenital heart defects [28] . Its importance however, stem from the fact that 20% of patients may present with features of Wolff-Parkinson-White syndrome with the attendant sequelae of arrhythmias [19] [28] . One of our patients with Ebstein's anomaly had supraventricular tachycardia.
Eisenmenger syndrome (ES) is a form of pulmonary arterial hypertension (PAH) related to congenital cardiac anomalies [29] . "Manifest" PAH is defined as a mean pulmonary artery pressure (mPAP) > 25 mm Hg at rest, while 21 -24 mm Hg as "borderline PAH" and 20 mm Hg will be considered normal [30] .
There is a lack of data regarding the prevalence of ES. However, a nationwide registry in Holland recorded a prevalence of 4.2 percent [31] . Six of our patients over the age of 18 years (6.8%) had ES.
Ellis-van Creveld syndrome is a chondral and ectodermal dysplasia of autosomal recessive pattern, typified by short ribs, polydactyly, growth retardation and ectodermal and heart defects with few hundreds of cases reported worldwide [32] . Congenital defects occur in 50% -60% of the subjects with most common being single atrium and a ventricular septal defect. Consistent with its rarity, we had one patient during our study period presenting with atrioventricular septal defect and associated limb deformities (Figure 3 ).
The pattern of gender differences in CHD was variedly reported in the literature. There was generally a male preponderance of both VSD and TOF among our patients, as reported in previous studies [5] [12] . However, females predominated in TOF below the age of 18 years as was shown in a previous study [24] .
The pattern of CHD as seen at our tertiary centre is virtually similar with those from other centres. There is need to sensitize and re-train medical staff in various fields to actively search for CHD. The pulse oximetry screening program introduced for critical CHD is now recommended in the USA and need to be adopted in most centres to detect potential CHD early on [33] . Furthermore, widespread implementation of postnatal echocardiography may modify the prevalence, spectrum and sequelae of CHD from birth [34] .
Our study has limitations inherent in most retrospective studies as exemplified by some missing data. Secondly, the findings cannot be extrapolated to mean the true burden of CHD in the populace since the majority may not access tertiary health care. Notwithstanding, the study has identified CHD as one of the major diagnoses among adults and those less than 18 years accessing echocardiography services at our centre.
